The prevalence and incidence of type 1 diabetes mellitus (T1DM) in all age groups and the prevalence of metabolic syndrome in patients with T1DM in Korea were estimated. Methods: The incidence and prevalence of T1DM between 2007 and 2013 were calculated using the Korean National Health Insurance Service (NHIS) datasets of claims. Clinical characteristics and prevalence of metabolic syndrome in individuals with T1DM between 2009 and 2013 were determined using the database of NHIS preventive health checkups. Results: The prevalence of T1DM in Korea between 2007 and 2013 was 0.041% to 0.047%. The annual incidence rate of T1DM in Korea in 2007 to 2013 was 2.73 to 5.02/100,000 people. Although the incidence rate of typical T1DM was highest in teenagers, it remained steady in adults over 30 years of age. In contrast, the incidence rate of atypical T1DM in 2013 was higher in people aged 40 years or older than in younger age groups. Age-and sex-adjusted prevalence of metabolic syndrome in patients with T1DM was 51.65% to 55.06% between 2009 and 2013. Conclusion: T1DM may be more common in Korean adults than previously believed. Metabolic syndrome may be a frequent finding in individuals with T1DM in Korea.
INTRODUCTION
Type 1 diabetes mellitus (T1DM) is associated with an increased risk of cardiovascular mortality and morbidity [1, 2] . Therefore, estimating the epidemiology and disease burden of T1DM and reviewing the metabolic characteristics of T1DM patients may have a significant impact on public health.
The immunologic features and epidemiology of T1DM vary considerably among Asians compared to Caucasians [3] . The lowest incidence of T1DM in the world has been reported in East Asian countries, including Korea, China, and Japan [3] . In addition to the typical autoimmune T1DM, there is also a varying incidence of non-autoimmune types of T1DM associated with insulin deficiency, such as fulminant T1DM and virus-induced T1DM, and other various forms of atypical diabetes in Asian countries, especially in older children and adults [3] . There have been reports suggesting that the number of patients with T1DM may be increasing in Asian children and adolescents [4] [5] [6] . Nevertheless, reports on T1DM epidemiology in Korea are insufficient, and most of them focused mainly on individuals aged less than 15 years [4, 7, 8] . Also, the only study covering all age groups in Korea included data for only 26 months [1] . Since T1DM has been reported to be more common in adults in Western countries than previously believed [9] [10] [11] , more information on T1DM epidemiology including all age groups is required to confirm whether this is also the case in Korea.
Metabolic syndrome (MetS) increases the risk of cardiovascular diseases and mortality in the general population and in patients with type 2 diabetes mellitus (T2DM) [2, 12, 13] . Studies in Western populations have reported that MetS is common in individuals with T1DM [2, 12, 13] and the prevalence of MetS in T1DM may increase through weight gain as the duration of the disease increases [12] . However, the prevalence of MetS in patients with T1DM in Asian countries including Korea remains to be established.
Therefore, we determined the prevalence and incidence of T1DM at all ages in Korea, and estimated the prevalence of MetS in T1DM patients compared with age-and sex-matched T2DM patients using the Korean National Health Insurance Service (NHIS) database.
METHODS

Data sources
The NHIS datasets of claims and preventive health checkups in Korea from January 2002 to December 2015 were used. We set a 5-year washout period from 2002 to 2006 to confirm the incident cases.
The NHIS, a single-payer system for all residents in Korea, covers more than 99% of the Koreans, who are approximately 50 million individuals. Information including anonymous identification numbers, demographics, primary and secondary diagnoses, dates of hospital visits, hospitalization, procedures, and prescriptions is available from the NHIS database of claims. The diagnoses were classified using the International Classification of Disease, 10th Revision (ICD-10).
The database of NHIS preventive health checkups, consisting of more than 10 million Koreans, includes (1) employee subscribers and regional insurance subscribers who are regional householders, (2) employee subscribers' dependents and household members (40 years or older), and (3) medical aid beneficiaries who are householders (19 to 64 years old) or household members (41 to 64 years old) [14] . It contains information on demographics; smoking history; anthropometric measurements including height, weight, waist circumference (WC), and blood pressure (BP); laboratory results such as fasting plasma glucose, total cholesterol, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglycerides (TGs), and routine urinalysis; and insurance claim data. Among these, data on WC, TG, HDL-C, and LDL-C were collected since 2009. This study was approved by the Institutional Review Board (IRB) of Samsung Medical Center (IRB File number; SMC 2016-06-133). An exemption from informed consent was granted by the board because all data were analyzed anonymously.
Definition of type 1 diabetes mellitus and study cohort T1DM was defined as the presence of all three of the following: (1) at least one claim under ICD-10 code E10; (2) three or more claims for the prescription of insulin; and (3) at least one claim for prescription of insulin between 365 and 730 days after the first prescription of insulin. Among these, patients who had claims under ICD-10 codes E11-14 within 730 days after the first prescription of insulin were excluded because they were more likely to have ketosis-prone T2DM [15] . Those who underwent total or partial pancreatectomy were also excluded.
The incidence date of T1DM was considered to be the date when insulin was prescribed for the first time in patients that met the criteria of T1DM. Incident cases were confirmed by reviewing data from 2002 to the incidence date. Therefore, disease-free observation periods of 5 or more years were obtained. The datasets from 2014 to 2015 were also used to determine the incidence and prevalence of T1DM between 2007 and 2013 because we had to review the information on whether insulin was prescribed between 365 and 730 days after the incidence date or whether claims under ICD-10 codes E11-14 were present within 730 days after the incidence date to define a T1DM case.
In July 2011, the Korean NHIS promoted the Type 1 Diabetes Registration Project for the Reimbursement of Consumable Materials [1, 4, 16] . Registered patients received financial aid for consumable materials. Patients were required to be on insulin and satisfy one of the following criteria for registration: fasting serum C-peptide levels ≤0.6 ng/mL, stimulated serum C-peptide levels ≤1.8 ng/mL, 24-hour urine C-peptide values <30 µg/day, history of diabetic ketoacidosis at diagnosis, autoantibody positivity for glutamate decarboxylase (GAD), insulin, or islet cell. Since the introduction of this program in 2011, the accuracy of the ICD-10 diagnostic codes according to the type of diabetes at diagnosis has improved. Thus, T1DM patients in 2013 were classified into two categories; typical and atypical cases based on diagnostic codes assigned in 2011 to 2012. Among the individuals that satisfied the criteria of T1DM, those who had at least one claim under ICD-10 codes E11-14 1 to 2 years before the incidence date (from -730 to -365 days) were defined as atypical T1DM because slowly progressive cases including latent autoimmune diabetes (LADA) or longstanding T2DM with insulin dependency were more likely to be included in this group than patients with typical T1DM. It is impossible to distinguish completely between slowly progressive T1DM and long-standing T2DM cases based on NHIS data. The remaining cases with no claim under ICD-10 codes E11-14 1 to 2 years before the incidence date were considered patients with typical T1DM.
Ascertainment of clinical characteristics and prevalence of metabolic syndrome in the population with type 1 diabetes mellitus Using the database of NHIS preventive health checkups, clinical characteristics of patients with T1DM were determined including age, sex, smoking history, body weight, body mass index (BMI), WC, BP, fasting plasma glucose, total cholesterol, TG, HDL-C, LDL-C, and urine dipstick positivity for proteinuria. BMI was derived from body weight in kilograms divided by height in meters squared (kg/m 2 ). MetS was defined according to the 2005 revision of the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) criteria with Asian-specific cut off values for abdominal obesity (WC ≥90 cm in men or ≥80 cm in women) [17, 18] . Since all patients with T1DM were using insulin and satisfied the component of fasting plasma glucose ≥100 mg/dL or use of insulin/oral diabetic agents by definition, only two additional ones among the other four components (abdominal obesity; TG ≥150 mg/dL or medication use; HDL-C <40 mg/dL in men or <50 mg/dL in women or medication use; BP ≥130/85 mm Hg or antihypertensive medication use) were needed for the diagnosis of MetS. Statin, fibrate, and ezetimibe were included as medications to define the components of hypertriglyceridemia and low HDL-C. Prevalence of MetS and its individual components in T1DM patients was calculated separately for men and women. Age and sex-adjusted prevalence of MetS was also presented after direct adjustment for the Korean population in the year 2010. For comparison, patients with T1DM and patients with T2DM were matched 1:2 by age and sex for adjustment. T2DM was defined according to the previous report [19] . Prevalence of MetS and its components was also estimated in age-and sex-matched T2DM patients and the data were compared with those for T1DM patients.
Statistical analyses
The annual prevalence of T1DM was calculated by dividing the number of T1DM cases in the NHIS database by the number of the total population in the NHIS program in a certain year. The annual incidence rate of T1DM was estimated by dividing the number of incident T1DM patients by the number of enrolled individuals who did not have T1DM from 2002 to 1 year prior to the given year. SAS software version 9.3 (SAS Institute, Cary, NC, USA) was used for statistical analyses.
RESULTS
Prevalence of type 1 diabetes mellitus
The number of total source population covered by NHIS was 49. 6 Table 1 ). The prevalence of T1DM was 0.043% in 2007 and 0.041% in 2010, and increased to 0.047% in 2013. The prevalence of T1DM was 1.15 to 1.18 times higher in males than in females. The mean age of the patients with T1DM was 51.36±20.1 years in 2013.
Incidence of type 1 diabetes mellitus
The number of incident T1DM cases annually ranged from 1,400 to 2,489 between 2007 and 2013 ( Table 2 ). The incidence of T1DM was calculated to be 5.02 per 100,000 people in 2007 and 2.73 per 100,000 in 2013. It showed a trend of overall increase from 2007 to 2013 in youth aged 19 years or younger whereas an overall decrease in T1DM incidence was seen in adults aged 20 years or older. The incidence rate in males was 1.21 to 1.41 times higher than that in females. The mean age of the population with incident T1DM was 49.62±21.74 years in 2013. Values are presented as number (%) or mean±standard deviation. Values are presented as number (%) or mean±standard deviation.
Incidence and prevalence of typical and atypical type 1 diabetes mellitus in 2013
Among the total 1,400 cases of incident T1DM in 2013, 565 (40.36%) were typical and the remaining 835 (59.64%) were atypical T1DM (Table 3 ). The mean age of the population with incident typical T1DM (35.72±22.55 years) was lower than that of individuals with incident atypical T1DM (58.83±13.58 years). The incidence rate of typical T1DM according to age group showed a peak in the teenage group (Fig. 1A) . However, of the 565 incident typical T1DM patients in 2013, 310 cases (54.9%) were aged 30 years or older. The incidence rate of atypical T1DM was highest in the age group of 70s. Of the 23,932 patients with prevalent T1DM in 2013, 16, 190 (67.65%) had typical T1DM while the remaining 7,742 (32.35%) had atypical T1DM (Table 3 ). The mean age of individuals with typical T1DM was 49.48±20.78 years compared with 55.24±17.55 years for those with atypical T1DM. The prevalence of typical T1DM by age group showed a small peak in the teens and 20s, and a higher peak in 70s (Fig. 1B) . The prevalence of atypical T1DM by age group had the highest value in the age group of 70s. The incidence of typical T1DM was 1.30 times higher in males than in females whereas that of atypical T1DM was 1.49 times higher in males (Table 3) . Similarly, the prevalence of typical T1DM was 1.18 times higher in males than in females, and the prevalence of atypical T1DM was 1.17 times higher in males. (Table  5 ). When we estimated the prevalence of individual components of MetS, the prevalence of hypertriglyceridemia differed the most between patients with prevalent T1DM and T2DM, showing a difference of 8.98% to 11.93%. On the other hand, the prevalence of high BP in individuals with T1DM was comparable to that in age-and sex-matched T2DM patients. Women had a higher prevalence of MetS than men throughout the study periods; however, the prevalence of MetS in women with T1DM showed a trend of decreasing over the 5 years whereas the prevalence of MetS in male T1DM patients increased from 59.87% in 2009 to 62.44% in 2013. In T1DM patients, the overall decrease in prevalence of abdominal obesity over the 5 years was noted only in women ( Supplementary Fig. 1A ). The prevalence of high BP showed a trend of decrease in T1DM patients overall and women with T2DM, but has been increasing since 2011 in men with T2DM ( Supplementary Fig. 1B ). Since 2010, the prevalence of hypertriglyceridemia has been increasing in both types of diabetes ( Supplementary Fig. 1C ). Trends of increase were observed for the prevalence of low HDL-C in men with T1DM and T2DM patients of both sexes ( Supplementary  Fig. 1D ).
DISCUSSION
To the best of our knowledge, this is the first study to investigate the epidemiology of T1DM at all ages in Korea over a period of 7 years. To date, T1DM epidemiologic studies in Korea have focused mainly on individuals under 15 years of age [4, 7, 8] . Recently, Song et al. [1] estimated the incidence and prevalence of T1DM at all ages in Korea, and our data correspond to their findings. However, the study of Song et al. [1] included only 26 months of data from July 2011 to August 2013 [1] whereas our data covered 7 years. Although the incidence rate of typical T1DM in 2013 was highest in teenagers, it remained constant in adults over 30 years of age, and more than half of incident typical T1DM patients were 30 years or older. The incidence rate of atypical T1DM in 2013 was higher in people aged 40 years or older than in the younger age groups. It is now well established that T1DM may develop at any age, even in the elderly [9, 11, 20] , and epidemiological studies in Western countries have reported that T1DM is more common in adults than previously believed [9] [10] [11] . In Denmark, almost 40% of patients with T1DM were estimated to develop the disease after age 30 [10] . In Italy, the incidence of T1DM between 30 and 49 years was comparable to that in the age group of 15 to 19 years [9] . When frequency of genetically-defined T1DM in the first six decades of life was analyzed in the white European population from UK Biobank, T1DM cases were distributed throughout all ages of diagnosis, and 42% of cases were diagnosed when patients were aged 31 to 60 years [11] . However, most of these studies were performed in Western populations, and there are insufficient reports on this issue in Asian countries. Japan, which has the lowest incidence rate of childhood T1DM, showed a 2-fold higher prevalence of T1DM in adulthood compared with childhood [20] . In the only previous report in Korea, Song et al. [1] noted that more than two-thirds of the T1DM patients were older than 20 years.
The high incidence and prevalence of T1DM in adults in this study may arise from the followings. First, the considerable incidence of typical T1DM in adults may be associated with fulminant T1DM, an important subtype of diabetes in East Asia [21] and a disease with adult onset [21, 22] . Fulminant T1DM is defined as the development of diabetic ketosis/ketoacidosis soon after the onset of hyperglycemic symptoms, plasma glucose ≥288 mg/dL with a glycosylated hemoglobin level <8.5% at initial visit, and the negligible urinary or serum (fasting and stimulated) C-peptide level at onset [21] . In a previous report in Korea, fulminant T1DM accounted for 7.1% of all patients with newly diagnosed T1DM and 30.4% of adult-onset cases [22] . The onset age of fulminant T1DM was reported to be 43 years in males and 35 years in females [21] . Second, longstanding T2DM and LADA cases with insulin dependency may be included in the population with atypical T1DM. According to a collaborative project between Italy and Korea [20] , the prevalence of LADA was similar between these two countries with different ethnicities even though the prevalence of T1DM is known to be lower in Korea [20] . Although the population with atypical T1DM may be exaggerated by longstanding T2DM with insulin dependency, even clinically it is not feasible to completely distinguish these cases. Moreover, with reference to previous reports from Western countries and Japan [9, 10, 20] , the possibility that the prevalence of T1DM in adults in Korea is actually high should also be considered.
The time-based trends of increase in T1DM incidence was seen in children and adolescents aged 0 to 19 years, which was compatible to the reports not only in areas with high or highintermediate rates of disease but also in Korea [4, 23, 24] . In contrary, in adults aged 20 years or older, the incidence showed a trend of overall decrease. In adults, T1DM incidence may have been overestimated by misclassified long-standing T2DM with insulin dependency before the introduction of the Type 1 Diabetes Registration Project for the Reimbursement of Consumable Materials in July 2011, and improvement in the accuracy of the ICD-10 diagnostic codes by the diabetes types after the promotion of this program may be associated with this trend of decrease in adults. However, given that the same trend of decrease in adult-onset T1DM incidence was reported in the United States [23] , it should be considered that the T1DM incidence in adults may be actually decreasing also in Korea.
A male predilection was observed in the prevalence and incidence of both typical and atypical T1DM in the current study. In European countries, a higher incidence of T1DM in males over females, especially after puberty, has been reported [9, [25] [26] [27] [28] . Studies performed in Iraq [29] , Kuwait [30] , and Tunisia [31] showed a slightly higher risk for male than female subjects for the incidence of T1DM, which is similar to our results.
The BMI of the prevalent T1DM patients showed mean values around 24 kg/m 2 , higher than previously reported [32] . Since the risk for cardiovascular disease starts to increase at a lower BMI in the Asian population, a BMI of 23 kg/m 2 is considered to be the cutoff for public health action [33] . These findings suggest that overweight and obesity may be common in Korean T1DM patients. In a study including 65 adult patients with new-onset diabetes presenting as diabetic ketoacidosis [32] , 38 T1DM and 27 ketosis-prone T2DM patients were confirmed. Although the mean age of these new-onset T1DM patients was only 34.24±16.01 years, the mean BMI was 22.25±4.95 kg/m 2 [32] . Mean BMI of individuals with immune-mediated T1DM with relatively preserved β-cell function and those with fulminant T1DM was 24.91±5.66 and 23.10±5.40 kg/m 2 , respectively, whereas that of patients with typical immune-mediated T1DM with absent β-cell function was 18.70±4.48 kg/m 2 [32] , suggesting that BMI of T1DM patients may vary by subtype. Also, a longer duration of diabetes, especially with intensive insulin therapy, is associated with weight gain and higher BMI [12] . The cohort of patients with prevalent T1DM from the NHIS preventive health checkup datasets from 2007 to 2013, which accounted for 14.19% to 22.47% of the total T1DM patients each year, had higher mean age than the total T1DM cases in the NHIS database of claims. Also, the proportion of atypical cases among the patients with prevalent T1DM was 32.35% in 2013 according to the database of claims, and may be higher in the cohort of T1DM from the preventive health checkup dataset. These may be linked to the high BMI values of T1DM patients in our study.
Although LDL-C levels in prevalent T1DM patients tended to improve from 2009 to 2013, nearly half of the T1DM patients still showed LDL-C levels greater than 100 mg/dL in 2013. Adults with T1DM have reported a higher risk for atherosclerotic disease than those without diabetes despite comparable lipid levels [34, 35] . The recent American Association of Clinical Endocrinologists (AACE) guideline [36] recommended that diabetes patients with established cardiovascular disease should reduce their LDL-C levels to below 55 mg/dL. LDL-C goals of <70 and <100 mg/dL were recommended for diabetes patients with one or more risk factors and those with no other risk factor, respectively [36] . Considering these recommendations, lipid management in T1DM patients in Korea may need improvement.
More than half of patients with prevalent T1DM had MetS after standardization of age and sex. This was more than 1.5 times higher than the prevalence of MetS in the general population based on the 2007 National Health and Nutrition Examination Survey data using the same revised NCEP definition of MetS [37] . Although the prevalence of MetS in T1DM patients was not as high as that in age and sex-matched T2DM patients, these data suggest that MetS is also common in individuals with T1DM in Korea. Also, considering that more than half of the patients with typical T1DM as well as atypical T1DM had MetS, the high prevalence of MetS in T1DM does not seem to be affected by the possible inclusion of cases with long-standing T2DM with insulin dependency as atypical T1DM cases. Analyses of Finnish Diabetic Nephropathy Study (FinnDiane) and Diabetes Control and Complications Trial (DCCT) datasets showed that MetS is common in patients with T1DM in Western countries [12, 13] . The prevalence of MetS was 38% in men and 40% in women among the participants with T1DM in the FinnDiane study, although the mean age of the study population was only 37 years [13] . In Korea, to the best of our knowledge there are no studies estimating the prevalence of MetS in T1DM patients. The prevalence of MetS in our study may be overestimated since patients on medication for dyslipidemia were considered to satisfy the criteria of both hypertriglyceridemia and low HDL-C. Actually, prevalence of hypertriglyceridemia or medication use showed a trend of increase in men and women with both types of diabetes, and the prevalence of low HDL-C or medication use also increased in men with T1DM and T2DM patients of both sexes, which may be associated with increased statin use.
In contrast, T1DM patients with good glycemic control may show subnormal TGs and upper normal or slightly elevated HDL-C levels due to the peripheral hyperinsulinemia induced by exogenous insulin injection, although atherogenic compositional changes in lipoprotein seem to be present even at these lipid concentrations [34, 38, 39] . Thus, direct comparison of TG or HDL-C levels in T1DM subjects under intensive insulin treatment with those in individuals without insulin treatment may require prudence, and the prevalence of hypertriglyceridemia and low HDL-C may be underestimated in insulintreated patients with good glycemic control. In this study, among the components of MetS, the prevalence of hypertriglyceridemia differed the most between patients with T1DM and T2DM. This may be explained by changes in TG levels due to peripheral hyperinsulinemia during insulin treatment in T1DM patients.
Our study has several limitations. First, the possibility that individuals with long-standing T2DM and LADA with insulin dependency were included as atypical T1DM cases should be considered. Second, it was not feasible to clearly distinguish the subtypes of T1DM because laboratory data such as serum C-peptide levels or autoantibody positivity for GAD were not available. Third, the prevalence of MetS may be overestimated, especially in those on medications for dyslipidemia. Fourth, an index of insulin resistance like estimated glucose disposal rate [40] could not be obtained because information on glycosylated hemoglobin and hip circumference was not available. Finally, it is not shown whether a high MetS prevalence or higher BMI value in patients with T1DM is associated with a higher risk for cardiovascular diseases or other diabetic complications. Since the role of MetS in T1DM as a predictor of cardiovascular events and/or nephropathy has been inconsistently reported depending on various definitions of MetS [2, 12, 13] , this should be explored further in subsequent studies.
In conclusion, this study explored the incidence and prevalence of T1DM in all age groups in Korea over a period of 7 years and suggested a relatively high incidence and prevalence of T1DM in adults, especially for the atypical form of T1DM. Our data also indicated that MetS may be common in individuals with T1DM in Korea, although the role of MetS as a predictor of cardiovascular events or other microvascular complications in T1DM patients should be investigated further.
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